The enzymes give variety to biological membranes and play an important role in the specific functions of biomembranes. The ultrastructural study of the enzyme molecules in biological membranes is the key to understanding membrane topology, structure and dynamics. Freeze-fracture cytochemistry, the combination of freeze-fracture electron microscopy with cytochemistry, is one of the powerful tools for analysis of ultrastructural localization and two-dimensional organization of many molecules in biological membranes. Freeze-fracture cytochemistry can be classified into some groups as follows: (1) freeze-fracture autoradiography [4, 11] , (2) freeze-fracture cholesterol cytochemistry [3, 19] and (3) freeze-fracture immunocytochemistry [10] . These techniques provide a way to visualize the distribution of the membrane components and greatly contribute to the investigation of the macromolecular architecture of biological membranes. Although freeze-fracture cytochemistry allows high-resolution views of the distribution of many molecules in cellular membranes, few works by the combination of freeze-fracture electron microscopy with enzyme cytochemistry (i.e., freeze-fracture enzyme cytochemistry) have been done on in situ features of enzymes in the membranes.
Recently, we introduced a new freeze-fracture enzyme cytochemistry that permitted the observation of the Selected by "The 10th International Congress of Histochemistry and Cytochemistry" held in Kyoto, Japan on Aug. 18-23, 1996. Correspondence to: T. Takizawa result is consistent with earlier findings suggesting that the catalytic reaction site of an ATPase molecule in the plasma membrane is on the external side (i.e., ecto-ATPase) [2] . The two-dimensional distribution of the reaction product demonstrating ecto-ATPase was mainly a diffused granular pattern (Fig. 5B) . Replicas incubated in substratefree medium lacked reaction product (data not shown). It should be also noted that the lead phosphate reaction product has enough electron density to visualize the localization of enzymes and is applicable for labeling of plasma membrane-associated ecto-enzyme molecules.
ALPase in rat neutrophils by fracture-label Enzyme cytochemical fracture-label revealed ALPasepositive granules in unstimulated rat neutrophils. ALPase activity was localized on the freeze-fractured membranes of some intracellular granules (Fig. 6) . In ALPasepositive granules, the E-faces of the granule membranes was predominatingly labeled with the reaction product. Control (incubation in medium containing levamisole or incubation in substrate free medium) lacked reaction product on replicas (data not shown).
IV. Discussion
Freeze-fracture cytochemistry, especially freeze-fracture immunocytochemistry, has been of importance in the precise localization of various molecules in biological membranes at the electron microscopic level. In freezefracture immunocytochemistry, immunogold particles have enough electron-density to demonstrate the localization of various antigens on replicas. Thus, freeze-fracture immunocytochemistry has been presenting what the intramembranous particles of cellular membranes are and has been providing high-resolution views of membrane components.
Freeze-fracture immunocytochemistry has been developed further [1, 5, 6, 15] and its application has become widespread in a large number of cell biology studies
In enzyme cytochemistry, the capturing agents for visualization of enzyme activities are heavy metals (e.g., cerium and lead) that have enough electron-density as well as colloidal gold particles have in immunocytochemistry. However, the use of enzyme cytochemistry for the study of the ultrastructural localization of enzyme molecules in this area has not received considerable attention. Although only a few applications of enzyme cytochemical technique to freeze-fracture electron microscopy have been reported, these attempts have not been fully successful [7, 8] . The major reason for this is that the reaction products (e.g. copper ferrocyanide, 3, 3'-diaminobenzidine reaction product, and lead phosphate) are unstable when label-fractured replicas are cleaned. In our previous study of the development of enzyme cytochemical label-fracture method, we overcame the obstacle in replica-cleaning and showed that the cerium phosphate reaction product was suitable for enzyme cytochemical label-fracture because cerium was stable after replica-cleaning [17] . In enzyme cytochemical label-fracture, cells are fixed with chemicals, labeled with enzyme cytochemical markers, rapid-frozen, fractured, replicated by Pt/C evaporation, and then digested in replica-cleaning solutions (see Fig. 7 in this study).
In enzyme cytochemical label-fracture, we first examined demonstration of ACPase, a well-known marker enzyme of lysosome, in the rat kidney in order to test the possibility of the employment of enzyme cytochemistry in label-fracture and presented ACPase activity on replicas [17] . However, there is a potential question with this approach.
Is the electron-dense deposit on the replica following replica-cleaning the cerium phosphate reaction product or the undigested cell component? In the present study, X-ray microanalysis was carried out in order to identify the constituents of the electron-dense deposit and revealed that it was the cerium reaction product demonstrating ACPase activity. In addition to the study of ACPase, we show the application of this technique to the study of the ultrastructural localization of some enzyme molecules in plasma membranes (i.e., 5'-Nase and ATPase). In addition, a cell-surface ecto-ATPase by lead capture method was able to be observed on the replicas of unstimulated human neutrophils (see Fig. 5 in this study) . The use of lead as a capturing agent is applicable for detection of ecto-enzymes in plasma membranes because the replica-cleaning is omitted. We developed another freeze-fracture enzyme cytochemistry, i.e., enzyme cytochemical fracture-label. By this method, enzyme molecules in cellular membranes, which have been stabilized by Pt/C evaporation, can be labeled with enzyme cytochemical markers (see Fig. 7 in this study). In this method, fixation for detection of enzyme activities is only a stabilization by Pt/C evaporation (i.e., physical fixation), so that physical fixation in enzyme cytochemical fracture-label should preserve stronger enzyme activity than does chemical fixation (e.g., glutaraldehyde-fixation) in conventional enzyme cytochemistry.
Moreover, as to the penetration of a reaction medium for detection of enzyme activity into cells, enzyme cytochemical fracture-label would have the advantage of conventional enzyme cytochemistry.
In both label-fracture and fracture-label, replica- digestion procedures are crucial (see Fig. 2 in this study; reference [17, 18] ). We recommend that some treatments as replica-digestion be tried in order to determine the suitable treatment for the use of other tissues or for the detection of other enzymes. Freeze-fracture enzyme cytochemistry described in this article is not without certain problems. It seems that quantification of enzyme cytochemical labeling is not so simple as that of immunogold labeling. Continuous reaction product on replicas often makes it difficult to perform the morphometric analysis of the reaction product on replicas.
In addition to the problem, we have to pay attention to the partition problem of integral membrane enzyme molecules during freeze-fracture.
It may affect enzyme activity and the relation between the enzyme molecule and the intramembranous particle. Especially in fracture-label, some enzyme molecule whose active site domain exposes on a cell surface may be partitioned with the P-face of the plasma membrane, or the breakage of the active site domain of an enzyme molecule may occur. In such cases, enzyme activity will not be detected. The partition problem has been reported not only in freezefracture enzyme cytochemistry but also in freeze-fracture immunocytochemistry (e.g., [5, 9] ).
In conclusion, we show new freeze-fracture cytochemistry based upon enzyme cytochemistry (i.e., labelfracture and fracture-label).
This technique can identify and visualize the two-dimensional distribution of enzymes in biological membranes by labeling with enzyme cytochemical markers. Cerium as the capture agent is a useful cytochemical probe in this technique. Lead is also a useful cytochemical probe although there is a certain limitation to the use. In addition, it may be possible to combine enzyme cytochemical labeling with other cytochemical labelings in freeze-fracture cytochemistry. Freeze-fracture enzyme cytochemistry should be a valuable method for the study of biological membrane structures. VI.
